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To study the siderophore production and antibacterial activity of actinobacteria isolated from mangrove plants and sediments.

In the present study, 112 actinobacterial strains were 
recovered from mangrove rhizosphere sediments and plants collected from 
Andaman Islands and mangrove zones at Vellar estuary, Parangipettai, 
South India. All the strains were screened for antibacterial activity against 
Escherichia coli, Aeromonas hydrophila, Providencia stuartii, Salmonella 
paratyphi and Klebsiella pneumoniae and also studied for siderophore 
production.

In total, 13 actinobacterial strains showed broad spectrum of 
activity against all the five Gram negative bacterial pathogens tested with 
zone of inhibition ranging between 9.2 to 18.7 mm. In CAS assay,14 
actinobacterial strains were found to produce siderophore. Among them, 
strain MEA 11 was found to produce 88% siderophore in iron free succinate 
broth. Results of CAS plate assay and FeCl  test revealed that the 3

siderophore produced by the strain MEA11 as hydroxamate type. In 
optimization study, variables such as glucose (17.7±0.9 and 17.7±0.3), malt 
extract (14.7±0.9 and 15.0±0.6) and MgSO  (12.0±0.6 and 12.3±0.3) were 4

found to influence siderophore production and antimicrobial activity. Further, 
this multi potentialstrain MEA 11 was characterized and identified as 
Streptomyces tendae. 

These results revealed that the marine ecosystem of 
Andaman coastal area and Parangipettai region harbored a rich consortium of 
many bioactive actinobacteria, which could synthesize novel bioactive 
compounds of pharmacological significance.
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proteins (200-2000da) known as siderophores to acquire iron from 
their surroundings (Endicott et al., 2020; Kurth et al., 2016). 
Sideromycins, the siderophores which are naturally conjugated 
with antibiotic moiety, exhibit promising activity against Gram 
negative bacterial pathogens even with several fold low minimal 
inhibitory concentration when compared with standard antibiotics 
(Ghosh et al., 2017). Energy-coupled transport across the outer 
membrane and the cytoplasmic membrane strongly increases their 
antibiotic efficiency; their minimal inhibitory concentration is at least 
100-fold lower than that of antibiotics that enter cells by diffusion. 
This is particularly relevant for Gram-negative bacteria because the 
outer membrane, which usually forms a permeability barrier, in this 
case actively contributes to the uptake of sideromycins.

Previously there were no detailed investigations on 
bioactive siderophores from marine derived actinobacteria with 
reference to antibacterial activity. With this view, the present study 
is proposed to explore the antibiotic potential of siderophores 
(sideromycins) from marine derived actinobacteria.

Materials and Methods

Sample collection and pretreatment: Rhizosphere sediments 
were collected from the selected mangrove regions in Andaman 
coastal area and Vellar estuarine region, Parangipettai Tamil 
Nadu, India at the depth of 10-15 cm using sterile spatula. The 
leaf and stem portions of the mangrove plant Avicennia marina 
were also collected from the intertidal region of Vellar estuary at 
Parangipettai, Tamil Nadu. All the samples were collected in 
sterile polythene bags and brought to the laboratory for further 
processing. 

Isolation of actinobacteria and screening for antibacterial 
activity: Sediment samples were air-dried at room temperature 
for 72 hrs and then kept at 56°C for 10 min in hot air oven to 
minimize the growth of fast-growing bacteria and fungi. Dried 

-1 -5samples were serially diluted from 10  to 10  dilutions using 
sterile distilled water. The collected mangrove plant parts were 
washed with running tap water to remove soil, organic matter and 
epiphytic microorganisms. Briefly, one gram of samples were 
dissected into small pieces, rinsed in 0.1% Tween 20 for 10 sec, 
and transferred to sterilized petriplates. Tissues were 
sequentially immersed in 70% ethanol for 2–3 min followed by 
0.4% NaOCl for 1 min and 70% ethanol for 2 min. Finally, the 
tissues were crushed with 9 ml of double distilled water,followed 

-1 -5by serial dilution of the sample from 10  to 10 .

The dilutions were taken and plated in triplicate on Starch 
Casein Agar (Hi-media) supplemented with nalidixic acid (20 µg 

-1 -1ml ) and nystatin (100µg ml ). After incubation at 28°C for one 
month, colonies with suspected actinobacterial morphologywere 
picked up from SCA plates, inoculated onto ISP2 agar 
(International Streptomyces Project) (Hi-media) and incubated at 
28ºC for 7 days. Cultural characteristics of all the actinobacterial 
cultures were studied using ISP2 agar medium (Shirling and 
Gottlieb, 1966). Micromorphological characteristics were studied 

Introduction

Microbial pathogens are rapidly developing resistance 
against the antibiotics presently available in the market 
(Mogasale et al., 2021; Serwecinska, 2020; Simpkin et al., 
2017). Antimicrobial resistance represents an enormous global 
health crisis and one of the most serious threats humans face 
today. In 2017, the World Health Organization (WHO) has 
published a list of antibiotic-resistant priority pathogens, 
pathogens which present a great threat to humans and to which 
new antibiotics are urgently needed the list is categorized 
according to the urgency of need for new antibiotics as critical, 
high, and medium priority, in order to guide and promote 
research and development of new antibiotics. The majority of 
the bacteria listed by the WHO are Gram-negative bacteria 
(Breijyeh et al., 2020). Due to their distinctive cell wall structure 
and its surrounded outer membrane, Gram-negative bacteria 
are more resistant to various antibiotics than the Gram-positive 
bacteria, and cause significant morbidity and mortality 
worldwide (Banciu et al., 2021; Sands et al., 2021), especially in 
hospital settings (Hormozi et al., 2018). Further, the treatment 
of Gram-negative bacterial infections is also cumbersome due 
the presence of outer membrane which restrict the action of 
most of the antibiotics available today (Liu et al., 2021).

Gram-negative bacteria can cause serious diseases in 
humans, especially in immuno-compromised individuals. 
Nosocomial infections caused by Gram-negative bacilli are the 
most challenging issue for health care professionals due to 
resistance to antibiotics. This crucial condition has led to 
discovery of novel antimicrobial agents (Belete, 2019). 
Actinobacteria, one of the largest bacterial phyla, are the group of 
Gram-positive bacteria well recognized in terms of their diversity, 
taxonomy, ecological functions and most importantly the 
production of bioactive secondary metabolites (Selim et al., 
2021). Notably, Streptomyces, the well-studied actinobacterial 
genus, are the prolific producer of several clinically relevant 
antibiotics (Sharma et al., 2021). The presence of secondary 
metabolite biosynthetic gene clusters (BGCs) makes 
actinobacteria well-known producers of diverse metabolites. 
There are around 40,000 natural products have been isolated 
from bacteria, of which about half (20,000) are from 
actinobacteria. They are the treasure house of clinically relevant 
antibiotics and other metabolites useful for veterinary, agriculture 
and other sectors (van Bergeijk et al., 2020).

Clinically significant antibiotics are derived from genera 
like Streptomyces, Micromonospora, Amycolatopsis, 
Actinoplanes and Saccharopolyspora whereas members of 
unfamiliar genera, such as Salinispora and Verrucosispora, also 
have propitious potential to be explored as clinical drugs in future 
(Goodfellow and Fiedler, 2010). However, the known chemical 
space of actinobacteria is greatly outmatched as revealed by the 
modern ‘omics’-based technologies. Hence, the adequate 
potential of actinobacteria is still unexplored. Most 
microorganisms release low molecular weight iron binding 
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and Mueller-Hinton agar for determining antibacterial activity 
against E. coli ATCC 25922, K. pneumoniae ATCC 13882 S. 
paratyphi, P. stuartii and A. hydrophilla using disc diffusion method 
(Selvameenal et al., 2009).

Characterization and taxonomy of potential actinobacterial 
strain: The potential actinobacterial strain MEA 11 was 
characterized based on their phenotypic and molecular 
characteristics. Cultural characteristics were studied by 
inoculating the actinobacterial strain MEA 11 into different ISP 
(International Streptomyces Project) medium. The results were 
noted after incubation at 28°C for 7-14 days. Microscopic 
characteristics were observed under the bright field microscope 
at 40 magnification (Shirling and Gottlieb, 1966). The 16S rRNA 
gene of MEA11 was amplified by using the primer pairs: 27F 
5´AGAGTTTGATCMTGGCTCAG3´ (forward) and 1492R 
5´TACGGYTACCTTGTTACGACTT3´ (reverse) and sequencing 
was carried out at Eurofins Genomics India Pvt. Ltd., Bangalore. 
The identification of phylogenetic neighbors and calculation of pair 
wise 16S rRNA gene sequence similarities were achieved using the 
MEGA version 6 and BLAST analysis (http://blast.ncbi.nlm. 
nihgov/ Blast.cgi). The obtained 16S rRNA sequence was 
submitted to GenBank to obtain the accession number. 

Optimization of physio-chemical parameters for bioactive 
metabolite production: Various physico-chemical parameters 
were optimized for antimicrobial metabolite production using 
ISP2 medium along with antimicrobial activity in MHA media. The 
growth differentiation of potential strain MEA11 was compared 
using ISP1 – ISP7 medium. Basal agar medium was used for the 
utilization of carbon, nitrogen and minerals. The tolerance of pH 
and NaCl concentration (using sea water) was determined on 
ISP2 agar medium (Shirling and Gottlieb 1966).All the plates 
were incubated at 28°C for 7 days. After incubation, the 
antimicrobial activity was estimated against E.coli ATCC 25922 
and the zone of inhibition was expressed in millimeter in diameter.

Optimization of physio-chemical parameters for siderophore 
production: Similarly, physio-chemical parameters were also 
optimized for siderophore production and their antimicrobial 
activity in iron-free succinate media. Same set of sources such as 
carbon, nitrogen and minerals; the tolerance of pH and NaCl 
concentration (using sea water) were determined on succinate 
medium. Further, the antimicrobial activity was characterized 
against E. coli ATCC 25922 and the zone of inhibition was 
measured and expressed in millimeter in diameter.

Statistical analysis: All the bioactivities were performed in 
triplicate and repeated three times. The mean ± standard 
deviation of three replicates were calculated using Microsoft 
Excel XP 2010.

Results and Discussion

A total of 112 actinobacterial strains were recovered from 
twelve composite mangrove sediments (AMS- 96 Nos) and six 

by adopting slide culture method (Balagurunathan et al., 2010). 
All the actinobacterial cultures were preserved in glycerol broth 
(30%) at -80°C as well as in ISP2 agar slants at 4ºC for further 
studies. Antibacterial activity of actinobacterial cultureswas 
evaluated by agar plug method against Gram negative bacterial 
pathogens such as Escherichia coliATCC 25922, Klebsiella 
pneumoniae ATCC 13882, Salmonella paratyphi, Aeromonas 
hydrophila and Providencia species (Radhakrishnan et al., 
2014a). Zone of inhibition was measured after 24 hrs of 
incubation at 37°C and expressed in millimetre in diameter.

Screening of actinobacteria for siderophore production 
and quantification: All the actinobacterial cultures were tested 
for siderophore production by adopting Chrome AzurolS Assay 
(Schwyn and Neilands, 1987). Freshly grown actinobacterial 
cultures were spotted on CAS agar plate and incubated for 4 - 5 
days at 28°C.Appearance of orange or yellow zone around the 
actinobacterial growth indicated siderophore production. 
Actinobacterial cultures which showed siderophore production 
with zone size of >15 mm in diameter in CAS assay were 
selected and grown on each 50 ml of iron-free succinate broth 
for siderophore quantification (Dimkpa, 2016). Based on the 
growth and siderophore producing ability in submerged 
fermentation, an endophytic actinobacterial strain MEA 11, 
isolated from the leaves of the mangrove plant, Avicennia 
marina was selected as potential culture for further studies. 
Siderophore type was confirmed by FeCl  test by adding 0.5 ml 3

of cell-free supernatant (collected by certification at 10000 rpm 
for 5 min) in 2% FeCl  solution. The quantitative estimation of 3

siderophore was done by CAS- shuttle assay (Schwyn and 
Neilands, 1987) in which 0.5 ml of cell-free supernatant was 
taken and mixed with 0.5 ml CAS solution. The color obtained 
was determined on a spectrophotometer at absorbance 630 nm 
after 20 min of incubation with reference containing 0.5 ml CAS 
solution mixed with 0.5 ml uninoculated succinate medium. The 
percentage of siderophore units was estimated as the 
proportion of CAS color shifted.

Production of bioactive metabolites: Bioactive metabolites 
from siderophore producing actinobacterial strain MEA11 was 
produced by adopting agar surface fermentation (Radhakrishnan 
et al., 2014b). Spores of actinobacterial cultures were inoculated 
into ISP2 agar plates (300 ml agar media used) and incubated at 

o28 C for 10 days. After removing the mycelial growth using a 
sterile spatula, the agar medium was cut into pieces and 
extracted using ethyl acetate (1:2 ratio) for 24 hrs. The solvent 
portion was collected and concentrated using a rotary evaporator 
and quantified. 

Siderophore production and antibacterial activity of 
bioactive metabolite against Gram negative pathogens: 
Sterile empty filter paper disc (Himedia, Mumbai) of 0.5 mm 
diameter was impregnated with 20 µl of actinobacterial extract 
and kept for drying. The crude ethyl acetate extract was dissolved 
in 10% DMSO. Once the discs were dried, they were placed over 
succinate media amended with CAS for siderophore production 
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Table1: Antibacterial activity of selected actinobacterial strains against MDR Gram negative bacterial pathogens

Strain no Escherichia Klebsiella Salmonella Providencia Aeromonas
coli pneumoniae paratyphi stuartii hydrophilla

AMS 8 15.7±0.9 16.2 ± 0.7 15.2±0.6 8.3±0.9 12.7±0.9
AMS 10 0 0 10±0.3 0
AMS 11 0.0 9.5 ± 0.8 0.0 0.0 0.0
AMS 17 0.0 13.8 ± 0.4 0.0 0.0 0.0
AMS 18 16.8±1.0 15.3 ± 0.9 16.3±0.9 12.7±0.9 11.8±0.7
AMS 25 9.2±0.7 15.7 ±0.9 16.8±0.6 13.5±0.8 13.3±0.9
AMS 29 0.0 17.8 ± 0.4 14.5±0.3 10.3±0.9 13.0±0.6
AMS 31 0.0 13.7 ± 0.3 14.2±0.7 11.7±0.9 9.2±0.6
AMS 39 15.5±0.8 18.7 ± 0.3 16.3±0.7 16.2±0.6 15.5±0.8
AMS 45 0.0 16.3 ± 0.9 11.8±0.9 10.5±1.0 13.8±0.9
AMS 50 0.0 11.2 ± 0.7 0.0 0.0 0.0
AMS 51 9.8±0.6 15.7 ± 0.3 12.8±0.7 11.2±0.7 11.0 ± 0.6
AMS 52 9.3±0.9 13.5 ± 0.3 11.3±0.7 9.8±1.0 11.3±0.3
AMS 53 0.0 17.8 ± 0.7 15.5±0.8 11.2±0.7 12.8±0.4
AMS 54 0.0 18.8 ± 0.4 17.2±0.7 0.0 11.7±0.3
AMS 57 17.5±0.8 14.7 ± 0.6 15.5±0.8 11.3±0.7 13.7±0.9
AMS 60 17.2±0.7 17.0 ± 0.6 16.8±0.6 15.2±0.7 15.3±0.9
AMS 61 15.5±0.5 13.2 ± 0.4 11.3±0.9 11.8±0.6 11.7±0.9
AMS62 14.5±0.8 17.2 ± 0.2 17.0±0.6 13.7±0.9 11.3±0.9
AMS 65 17.7±0.6 15.2 ± 0.7 15.5±0.5 14.5±0.5 14.5±0.8
AMS 71 0.0 9.5 ± 0.3 0.0 0.0 0.0
AMS 75 12.8±0.7 11.8 ± 0.4 0.0 0.0 0.0
AMS 78 9.8±0.9 18.3 ± 0.3 13.8±0.6 8.2±0.7 12.5±1.0
AMS 81 0.0 11.2 ± 0.6 0.0 0.0 0.0
AMS 82 0.0 16.7 ± 0.9 0.0 0.0 0.0
MEA11 18.7±0.9 18.2 ± 0.4 16.3±0.9 12.0±0.9 15.5±0.8

mangrove plants (MEA- 16 Nos) based on distinct morphological 
differences on SCA plates. In previous studies, maximum number 
of actinobacterial colonies was recovered using SCA medium 
(Anindita et al., 2008; Messaoudi et al., 2020) supplemented 
with nalidixic acid and nystatin (Meena et al., 2013). All the 
actinobacterial strains showed significant growth on ISP2 agar 
medium on which 85.7% of strains produced powdery colonies. 
About 44% of the strains produced gray colored aerial 
mycelium and 34% produced soluble pigment on ISP2 agar 
medium. Under microscopic observation, all the strains showed 
the presence of both aerial and substrate mycelium and were 
suspected as species of the genus Streptomyces. Similar 
observation was also made in the previous studies which 
reported Streptomyces as dominant actinobacterial genera 
from mangrove rhizosphere sediments (Sudhindran and 
Kannabiran, 2010) as well as from mangrove plants as 
endophytes (Gouda et al., 2016; Hui et al., 2021). 

The results of antibacterial study revealed that out of 112 
actinobacterial strains screened, 13 actinobacterial strains 
showed potent antibacterial activity against all the five Gram-
negative bacterial pathogens tested (Table 1). Furthermore, 26 % 
of actinobacterial strains inhibited K. pneumoniae, while 16 % of 
actinobacterial strains inhibited A. hydrophila and S. paratyphi. 
Total of 21.4% (26/121) actinobacterial strains exhibited 

antibacterial activity against any one of the Gram-negative 
bacterial pathogens tested in this study. These results indicated 
that Parangipettai ecosystem explored in this study deserves the 
potential to isolate bioactive actinobacteria. In CAS assay, out of 
112 actinobacterial strains, 14 strains produced either 
hydroxamate and catacholate type of siderophores. Sideromycin, 
an iron-chelating antibiotic produced by Streptomyces species 
showed good antimicrobial activity (Braun et al., 2009; Wencewicz 
et al., 2013). Commonly, Streptomyces have been reported to 
produce a hydroxamate siderophore known as desferrioxamine 
(Yamanaka et al., 2005). However, Streptomyces tendae was found 
to produce enterobactin, the characteristic Catecholate 
siderophore, which was earlier reported to be produced by the 
enterobacteriaceae group (Fiedler et al., 2001). 

Among 14 strains, MEA 11 was selected as potential 
strain for further study since it showed broad spectrum of 
antimicrobial activity and siderophore production in solid as well 
as liquid medium, i.e., 88% siderophore production. The potential 
strain MEA11 showed the formation of orange colour on CAS 
plate as well as on the addition of FeCl  indicating the presence of 3

siderophore. The ethyl acetate extract of crude MEA11 showed 
moderate activity against all the Gram-negative bacterial 
pathogens tested with in the range of 12.3 - 18.5 mm zone of 
inhibition. Previously, it was found that the Streptomyces fradiae 
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Mathivanan, 2009).  The carbon source and its availability play an 
important role in regulating siderophore production as well as 
antimicrobial activity. The antimicrobial activity against Gram 
negative bacterium, E. coli varied with different carbon source in 
Streptomyces sp. MEA11, with glucose (17.7) followed by Mannitol 
(15.3) and Raffinose (15.3) in ISP2 media whereas succinate 
media amended with CAS showed siderophore production as 
well as antimicrobial activity with glucose (17.7), Inositol (16.7) 
and lactose (16.0), respectively, as carbon sources (Table 2). Of 
the various nitrogen sources tested, the maximum antimicrobial 
activity was obtained in ISP2 media supplemented with malt 
extract (14.7) and potassium nitrate (14.3) whereas succinate 
media showed siderophore production only in the presence of 
malt extract along with the antimicrobial activity (15.0). 

Among various mineral sources, MgSO  (12.0 and 12.3) 4

alone showed maximum activity in both ISP2 and succinate 
media. As shown in Table 2, the antimicrobial activity of MEA 11 
increased under normal pH of 7 (17.7) in ISP2 media and pH 6 
(17.3) in succinate media. Alike, 50% of NaCl concentration 
showed the maximum antimicrobial activity against E. coli in both 
ISP2 and succinate media. However, a different pH and NaCl 

MM456M-m F7 produced a bioactive compound, characterized 
as Fradiamines A and B which were observed as rare 
siderophores, that showed antibiotic activity against Clostridium 

-1difficile with IC  values of 32 and 8 μg ml , respectively (Takehana 50

et al., 2017). The microscopic observations of the actinobacterial 
strain MEA11 showed the presence of long substrate mycelium as 
well as dark aerial mycelium with recti flexible arrangement 
without fragmentation. Smooth, oval shaped spores were 
arranged in hyphae as long straight chains to spirals with 30-40 
spores. Similarly, actinobacteria specifically most of the 
Streptomyces produced coiled type of aerial mycelia with the 
spores were arranged in chain like morphology (Kumar et al., 
2014; Mukherjee and Sen, 2004).

In the present study, the results of phenotypic 
characterization showed the potential actinobacterial strain 
MEA11 to be a species of the genus Streptomyces. Strain MEA11 
showed significant growth on ISP1, ISP2, ISP3, ISP6 and ISP7 
medium while moderate growth was observed on ISP4 and ISP5 
medium. It produced powdery colonies on all the ISP media. 
Sporulation is one of the important characters to identify 
actinobacterial strains (Grasshoff et al., 1999; Ramesh and 

Table 2: Optimization of siderophore production and antimicrobial activity of potential strain MEA 11

              ISP2 medium              Succinate media

                          Characteristics Growth Antimicrobial activity Siderophore Antimicrobial activity
against E. coli

Carbon 
utilization 

Glucose +++ 17.7±0.9 +++ 17.7±0.3
Lactose - 0 ++ 16.0±0.6
Starch - 0 - 0
Inositol - 0 ++ 16.7±0.3
Mannitol ++ 15.3±0.3 - 0
Raffinose ++ 15.3±0.3 - 0
Rhamnose - 0 - 0

Utilization of Nitrogen Peptone - 0 - 0
Yeast extract - 0 - 0
Malt extract +++ 14.7±0.9 ++ 15.0±0.6
Potassium nitrate ++ 14.3±0.3 - 0
Soybean + 0 - 0

Minerals CaCl + 0 - 02

MnCl + 0 - 02

FeSO - 0 - 04

MgSO ++ 12.0±0.6 + 12.3±0.34

pH 5 +++ 16.0±0.6 +++ 16.0±0.6
6 +++ 16.0±0.6 +++ 17.3±0.3
7 +++ 17.7±0.3 +++ 15.7±0.3
8 +++ 16.7±0.3 +++ 15.3±0.3
9 +++ 15.7±0.3 +++ 16.3±0.3

NaCl (%) 10 - 0 - 0
20 - 0 - 0
30 ++ 11.0±0.6 ++ 10.7±0.3
40 ++ 11.3±0.3 + 11.7±0.3
50 +++ 13.0±0.6 + 13.0±0.6

production against E. coli
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concentration ranging between 5-9 and 30-50% NaCl showed 
maximum and similar range of antimicrobial activity and 
siderophore production. Similarly, Suthindhiran and Kannabiran 
(2010), reported that Streptomyces is the most dominant 
actinobacterial genera in the marine mangrove ecosystem and 
produced wide range of bioactive molecules. In addition, 
physiological, cultural characteristics and utilization of carbon, 
nitrogen and enzymes production of actinobacterial strains in 
different ISP media (ISP-1 to ISP-7) play a major role at genetic 
level of actinobacteria identification and also influence the growth 
rate and antimicrobial metabolite production as well (Hasegawa 

pH et al., 1978; Shimizu et al., 2000). Further, 16S rRNA sequence 
analysis confirmed that the strain MEA11 was found to have close 
similarity with Streptomyces tendae. The alignment consisted of 
strain MEA11, 21 type strains representative of Streptomyces 
genus, and Nocardiopsis sp. SYP-A7134 as out group taxa.

The potential strain MEA11 was subjected to 
amplification of partial 16S rRNA gene and the obtained 
sequence of 1473 base pair was identified as Streptomyces 
species, which shared 99.1% sequence similarity with 
Streptomyces tendae. The potential Streptomyces strain MEA11 

   Streptomyces tritolerans DAS (NR 043745)

   Streptomyces tritolerans AS1 (EU623448)

Streptomyces collinus NBRC 12547 (AB184101)

Streptomyces sp. E2N248 (KX279601)

Streptomyces tendae MCCB 209 (KF454844)

Streptomyces violaceorubidus LMG 20319 (NR 042309)

    Streptomyces aurantiogriseus (KF730773)

        Streptomyces geysiriensis NBR C15413 (NR 112459)

          Streptomyces rochei Sal35 (KX440952)

          Streptomyces enissocaesilis NRRL B-16365 (NR 115668)

          Streptomyces maritimus (AF233338)

           Streptomyces levis VLK-B (KP170482)

Streptomyces tendae MEA11 (MH021964)

Streptomyces tendae isolate 175 (KR846234)

Streptomyces rubrogriseus XFB-BA (KC429650)

   Streptomyces fradiae ZG031 (GQ985451)

      Streptomyces malachitofuscus NBRC 13059 (NR 041105)

    Streptomyces griseoflavus RB1-83 (LC128335)

    Streptomyces griseoflavus 13668A (EU741218)

Streptomyces almquistii NRRL B-1685 (AY999782)

   Streptomyces pseudogriseolus NRRL 3985 (X80827)

Streptomyces althioticus CSSP54 (NR 115392)

                                                            Nocardia sp. SYP-A7134 (KY636381)
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Fig. 1: Phylogenetic relationship of potential actinobacterial strain MEA11 based on 16S rRNA gene homology.
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was submitted to NCBI Genebank and were assigned the 
accession number MH021964. The phylogenetic tree clearly 
showed that strain MEA11 is closely clad with Streptomyces tendae 
isolate 175 (Fig. 1). Hence, this study concludes that the in-vitro 
antimicrobial activity of siderophore producing actinobacterial 
strains will be taken into determine the structure of the active 
molecule in future. This study also creates a strong bond between 
siderophore and actinobacteria to characterize active molecules.
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